We present results of the long term monitoring of the gravitationally lensed quasar HE1104 -1805. The photometric data were collected between August 1997 and January 2002 as a subproject of the OGLE survey.
Introduction
Time delay between variability pattern in the images of gravitationally lensed quasars has been measured in several cases (e.g., Schechter et al. 1997 , Kundić et al. 1997 . Determination of time delay has important consequences, as it makes it possible to measure the Hubble constant at long cosmological distances.
The gravitationally lensed quasar HE1104 -1805 with relatively large separation between two images A and B (about 3 ′′ ) was discovered by Wisotzki et al. (1993) . The object has been included to the list of regularly monitored objects by the Optical Gravitational Lensing Experiment (OGLE) at the beginning of the second phase of the project -OGLE-II (Udalski, Kubiak and Szymański 1997) in August 1997. The main goal of this sub-project of the OGLE survey was a determination of the time delay of HE1104 -1805.
The quasar was regularly observed up to the end of the 1999/2000 observing season (August 2000) with frequency of one observation per 5-7 days (except for three month period, August-October, each year when the quasar was not visible from the Earth). In this way a unique dataset on the long term photometric behavior of HE1104 -1805 was collected. Unfortunately, the main goal of the monitoring -determination of the time delay -has not been accomplished . It turned out that both images of HE1104 -1805 changed the brightness in a rather uncorrelated way making determination of time delay practically impossible.
On the other hand, the large variability of image A of HE1104 -1805 on a time scale of weeks was most likely caused by microlensing. Variability of a gravitationally lensed quasar is believed to consist of at least two components: intrinsic variability of the lensed quasar and microlensing variability caused by lensing galaxy. Thus, surprisingly, the dataset collected by OGLE-II provided unique observational material for studying microlensing in gravitational lenses and contributed to better understanding of this phenomenon .
In November 2000 the OGLE-II phase ended and observations were suspended. After a half year break the OGLE project resumed observations after a significant upgrade of observing capabilities (OGLE-III). HE1104 -1805 was still on the list of targets, and the object was regularly observed up to January 2002. Unfortunately, the OGLE-II data pipeline providing photometry of the quasar in the real time was not adjusted to the OGLE-III phase at that time. Therefore, the collected data were stored and photometry of HE1104 -1805 from [2001] [2002] was not available at the time of our first analysis .
In the meanwhile Ofek and Maoz (2003) announced a determination of the time delay of HE1104 -1805 of 161 ± 7 days. They used the OGLE-II photometry combined with their own observations in the R-band collected from 1999 to 2002. The data presented by Ofek and Maoz (2003) indicated that at the time when the OGLE-II suspended observations for the hardware transition to the OGLE-III phase, the B component of HE1104 -1805 faded by almost 0.3 mag and the pattern was then followed by the A component providing good opportunity for time delay measurement.
The results of Ofek and Maoz (2003) stimulated us to reduce the data collected during OGLE-III phase (2001 -2002 ) and a few additional observations collected at the end of the OGLE-II phase and not presented in Schechter et al. (2003) . We also attempted to independently derive the time delay based solely on the OGLE dataset of 1997-2002 which is more uniform (only V-band measurements) and accurate than that of Ofek and Maoz (2003) . We present our results in this paper.
Observations
Observations of HE1104 -1805 were made between August 1997 and January 2002 as a subproject of the OGLE-II and OGLE-III surveys. All data were collected with the 1.3-m Warsaw telescope at the Las Campanas Observatory in Chile, operated by the Carnegie Institution of Washington.
Observations collected up to August 2000 were described in Schechter et al. (2003) . After the conjunction with the Sun the quasar was observed a couple of times in November 2000. Unfortunately, because of autoguider failure at that time in each case five 2 minutes exposures were obtained instead of the standard 10 minute one. The 2 minute images were then aligned, stacked and added before the photometry was derived. Additional observation of HE1104 -1805 was obtained in February 2001. This time two standard 10 minute exposures were taken. All these observations were made with the OGLE-II setup described in Schechter et al. (2003) .
From June 2001 to January 2002, HE1104 -1805 was observed with OGLE-III setup, i.e., with the 8192 × 8192 pixel eight chip mosaic camera (Udalski et al. 2002) The frequency of observations was similar as during the OGLE-II coverage. Each observation consisted of two 10 minute exposures and the field was shifted a few arcsec between them.
The new images of HE1104 -1805 were reduced in the identical manner as the earlier ones . Photometry was derived with the DoPhot photometry program (Schechter, Mateo and Saha 1993) . The same comparison stars were used for consistency. The finding chart of HE1104 -1805 and positions of comparison stars can be found in Fig. 1 in Schechter et al. (2003) .
Our Fig. 1 
Time Delay
Looking at the light curves of both images presented in Fig. 1 one can easily see that the light curve of image A is much more variable than that of image B. It has many features that have no counterparts in the light curve of image B. On the other hand, one can also notice a broad 0.3 mag depression in the light curve which occurred near HJD = 2452000 and is present in both light curves. This feature occurred first in the light curve of image B and was followed by image A and is the same as that noted by Ofek and Maoz (2003) . This strongly suggests variability arising from variability of the lensed quasar. The well defined shape and long duration of this feature should allow determination of time delay.
Unfortunately, as already mentioned, the feature occurred during 2000/2001 season of the quasar visibility period when the OGLE project underwent a major hardware upgrade. Therefore only infrequent observations of HE1104 -1805 were possible during that time. As a result there are relatively few points covering this feature, especially compared to the coverage during the previous observing seasons. Because the determination of time delay using the entire dataset of images A and B would be dominated mainly by the data taken before the feature occurred such an approach would repeat unsuccessful attempt of Schechter et al. (2003) . Therefore, we limited our data sample to 51 points, starting at HJD = 2451489.8, i.e., spanning more than a half of the time of all collected data.
To find the time delay between images A and B we used standard χ 2 minimalization. The light curve of image A is steeper than that of image B and image A is also brighter than image B. Therefore we followed Ofek and Maoz (2003) approach and χ 2 fit is described with the following formula:
where m A t and σ A(t) are the magnitude of image A and its error, respectively, as a function of time t; m B t+τ and σ B(t+τ ) are the magnitude and error of image B, but at the moment of time shifted by time delay τ ; t mid equals to 2451525.378 and is defined as HJD midpoint between the first and last observations in the dataset analyzed by Ofek and Maoz (2003) . It is defined in this manner so that both results could be directly compared. The remaining parameters are the linear trend of image A, α, and magnitude shift between both images, ∆m.
Before the fitting procedure was applied all data points were nightly averaged. We decided to make the interpolation of the light curve of image B. The measurements of image B have larger errors because this component is fainter, but, on the other hand, its light curve is much smoother than the light curve of image A.
We applied similar interpolation method as used in Schechter et al. (2003) : if in data taken within 20 days of the desired time we found two points, we fitted a straight line; if there were three or more we fitted a parabola and in other cases we took a simple average.
The fit was performed for all three parameters τ , α and ∆m simultaneously and the global minimum was found at the values of −157 days, 0.064 mag/yr and 1.555 mag, respectively. The minimum had χ 2 = 95.6, what yields χ 2 /dof = 1.99, where dof is a number of degrees of freedom and equals here to 48. Fig. 2 shows the χ 2 /dof as a function of τ for α and ∆m fixed at best fitting values. Fig. 3 presents the light curve of image A with overplotted light curve of image B, slope corrected and time and magnitude shifted. Only the subset of data that was used for determination of the fit parameters is plotted in Fig. 3 .
The upper panel of Fig. 4 presents the composite light curve of both images with the best fit parameters applied for the entire dataset. One can notice that in spite of strong microlensing activity in the light curve of image A the repeatability of smaller long term features in both light curves is rather good what assures that the time delay determination is sound.
The lower panel of Fig. 4 shows the difference between points of the light curve of image A and light curve of image B slope corrected, time and magnitude shifted and interpolated to the same HJD. Except for clear microlensing scatter in the residuals no long term trend can be noticed. The rms of residuals is equal to 0.086 mag.
From χ 2 analysis we estimated the error of the time delay value to be equal to ±21 days. However, this formal error seems to be somewhat overestimated when we perform the "chi-by-eye" fitting approach. We checked possible time delays by overplotting light curves of both images and concluded that the error should not be larger than ≈ 10 days. Because this result can be somehow subjective we assume further the formal error value of ±21 days.
Discussion
The long term monitoring of HE1104 -1805 gravitational lens during the OGLE survey has finally accomplished its original goal. We determined the time delay between the light curve of image A and B to be equal to −157 ± 21 days where the error is the formal error of χ 2 minimalization. In practice it can be somewhat smaller.
Our result is in excellent agreement with that of Ofek and Maoz (2003) who obtained τ = −161 +7+34 −7−11 days (68% and 95% confidence level). Their result was based on large part of the OGLE dataset supplemented with R-band observations covering the parts of the light curve crucial for time delay determination (2000-2001 season) . One should, however, note that lower accuracy of photometry and necessity of intercalibration of the OGLE V and R-band data might be a source of additional uncertainty of the Ofek and Maoz (2003) analysis.
The entire OGLE dataset provides now homogeneous V-band coverage of the photometric behavior of HE1104 -1805 between August 1997 and January 2002. Thus our time delay determination should be less prone for systematic errors.
Additional photometry of HE1104 -1805 presented in this paper nicely confirms the features in the light curves noted by Ofek and Maoz (2003) . Basically identical time delay from our analysis indicates that the time delay of HE1104 -1805 is now determined with good confidence and this gravitational lens increases the still small sample of lenses with well determined time delays. However, one should note slightly different linear trend between the light curves of images A and B. Our value of 0.064 mag/yr is by 0.02 mag larger than that of Ofek and Maoz (2003) . It is possible that the discrepancy is caused by less uniform dataset used by Ofek and Maoz (2003) in their analysis.
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